The antibacterial activities of the ethanol extracts of 35 medicinal plants were screened against Escherichia coli, Bacillus cereus, and Staphylococcus aureus by following standard antimicrobial susceptibility testing procedures. The ethanol extracts of Coptis chinensis and Glycyrrhiza uralensis showed antibacterial activity against all three test bacterial species. The screened extracts were also tested for their antioxidant activities using the DPPH free radical scavenging activity assay, and for their cytotoxic and antioxidant activity in vitro using an assessment of cell viability on mouse embryonic fibroblast cells. The ethanol extracts of both C. chinensis and G. uralensis showed good radical scavenging antioxidant properties and attenuated the rate of cell death caused by oxidative damage. Our results showed that C. chinensis and G. uralensis are promising sources of natural products with good antibacterial and antioxidant activities.
Various medicinal plants such as Glycyrrhiza uralensis, Coptis chinensis, Cinnamomum cassia, Paeonia suffruticosa, P. japonica
and Galla chinensis have outstanding antimicrobial and antioxidant properties. Several studies have emphasized natural products in higher plants as new sources of antimicrobial agents to treat the therapeutic problem of antibiotic resistance [1, 2] . Glycyrrhiza uralensis, known as Chinese liquorice, has detoxification and diuretic effects, as well as an antiinflammatory action [3a] . Additionally, its medicinal properties include antibacterial, antiulcer, anti-tumorigenic and anti-atherosclerotic activities [3b] . Some flavonoids isolated from G. uralensis roots exhibit antioxidant activity against lard oxidation [4] . G. uralensis was found to contain quercetin, which could contribute significantly to antioxidant activity in blood plasma [4, 5] . Coptis chinensis is used in the treatment of diarrhea, acute fever, dysentery and suppurative infections. C. chinensis inhibits or appeases oxidative damage [6] . Aqueous extracts have shown high potency for suppressing rat erythrocyte lipid peroxidation and hemolysis in rat kidney and brain homogenates [7a] . Berberine, contained in C. chinensis, was shown to reduce cell expression in human hepatoma HepG2 cells [6] . Cinnamomum cassia bark-derived materials have shown growthinhibiting activity against human intestinal bacteria [7a] . In this study, cinnamic acid, a C. cassia bark constituent, was selected as a standard material for HPLC analysis. Paeonol, the main effective compound of Paeonia suffruticosa, has been shown to prevent and treat cardiovascular diseases [7b] . P. japonica has been used in traditional Chinese medicine. Galla chinensis is a traditional Chinese herb used in China and Korea. It reported to contain substantial quantities of polyphenols, for example gallic acid and gallotannin. Gallic acid was selected as the target material of G. chinensis.
In the present study, we determined the antibacterial and antioxidant activities of medicinal plants commonly used in traditional Chinese herbal medicine (TCHM) to treat general ailments. The antibacterial activity of ethanol extracts of 35 medicinal plants belonging to 25 different families used in TCHM was screened using Gram-positive and Gram-negative bacteria. Additionally, we tested the antioxidant activity of the chosen plant extracts. Because reactive oxygen species (ROS) are responsible for various diseases such as heart disease, stroke, arteriosclerosis and cancer, as well as the aging process, there is growing interest in the antioxidant activity of plant extracts [7a] . Our results guided the selection of some medicinal plant species for ethnopharmacological and phytochemical investigations.
We evaluated the antibacterial effect of the various ethanol extracts against Escherichia coli, Bacillus cereus, and Staphylococcus aureus. The 35 selected medicinal plants were extracted with 70% ethanol, with extract yields ranging from 4.0 to 35.0%. As shown in The antioxidant activities of the plant extracts were evaluated by the DPPH assay. As shown in Figure 1 All plant extracts and BHT were added at three different concentrations of 100, 500, and 1000 μg/mL. BHT and C. sinensis were used as the standard antioxidant and extract, respectively. All tests were performed in triplicate, and values are means ± standard deviation (n = 3).
of C. chinensis and G. uralensis exhibited a similar level of free radical scavenging activity. In this assay, butylhydroxytoluene and Camellia sinensis were used as positive controls. Particularly, the DPPH radical scavenging activity of the Coptis chinensis, and G. uralensis extracts showed activity similar to that of Camellia sinensis, which is a well-known plant antioxidant, at a concentration of 1 mg/mL [7c].
We used MEFs to evaluate the antioxidant effect of the plant extracts at the cellular level. MEFs are commonly used cells to investigate the ROS-induced cell death signaling pathway [8a] .
Prior to examining the antioxidant effects of the medicinal plants, the two species were evaluated for their cytotoxic properties upon exposure to MEFs. The MEF cells showed about 90% viability following treatment with G. uralensis ethanol extract compared with that of the control, indicating no significant cytotoxicity of the extract on cells. In contrast, MEFs were more sensitive to the Coptis chinensis extract than that of G. uralensis, as cell viability decreased to about 50% of the control value ( Figure 2A ). Figure 2 : (A) Mouse embryonic fibroblasts (MEFs) were cultured in DMEM containing 10% fetal bovine serum and penicillin-streptomycin. Each plant extract (100 μg/mL) was added to MEFs (3.0 × 10 3 cells per well) and incubated in a humidified 5% CO 2 incubator for 24 h at 37°C. The absorbance was read at a wavelength of 570 nm. All tests were performed in triplicate, and values are means ± standard deviation (n = 3). (B) Mouse embryonic fibroblasts (MEFs) (3.5 × 10 5 cells mL -1 ) were treated for 6 hours with each extract (500 μg/mL) in the presence of H 2 O 2 (500 μM). After a 6 hour incubation, the H 2 O 2 was discarded and the cells were washed. Cells were treated with the corresponding extract (500 μg/mL) for another 24 hours. All tests were performed in triplicate, and values are means ± standard deviation (n = 3).
MEFs were treated with 500 μg/mL of each ethanol extract in the presence of 500 μM H 2 O 2 for 6 hours to examine the antioxidant effects of the medicinal plants. H 2 O 2 is often used to induce artificial oxidative stress in mammalian systems. The cells were counted after an additional 24 hours incubation with the ethanol extract without increase in cell viability in oxidatively damaged cells following treatment with the G. uralensis and C. chinensis extracts ( Figure 2B ), suggesting that both extracts were effective in a mammalian system to protect cells against oxidative stress.
In comparison with the DPPH radical scavenging activity, the C. chinensis extract treatment was more effective for protecting oxidatively damaged cells compared with that of the G. uralensis extract at 500 μg/mL. Thus, our data suggest that the ethanol extracts of both C. chinensis and G. uralensis are effective for protecting cells against H 2 O 2 -induced oxidative damage. In addition, C. chinensis was more effective against mammalian cell oxidative damage than that of G. uralensis, although the treatment itself was sensitive to the cells.
The major constituents of the screened plants (Glycyrrhiza uralensis, Cinnamomum cassia, Paeonia suffruticosa, Coptis chinensis, Paeonia japonica, Galla chinensis) were analyzed by HPLC. The levels found were: of quercetin in Glycyrrhiza uralensis 1.34±0.03 µg/mL, of paeonol in Paeonia suffruticosa 1.43±0.05 µg/mL, and of berberine, paeoniflorin, and gallic acid in Camellia chinensis, Paeonia japonica, and Galla chinensis 18.1±1.70, 12.2±0.20, and 7.2±1.70 µg/mL, respectively.
Traditional Chinese herbal medicines (TCHM) have been widely used to treat various diseases including cancer, cardiovascular diseases, and aging-related diseases in East Asia [8b] . In this study, we screened the antibacterial activities of 35 medicinal plants used in TCHM against Gram-positive and Gram-negative bacteria. Among the extracts that exerted antibacterial activity, the ethanol extracts of Coptis chinensis, G. uralensis, and Camellia sinensis were active against all three bacterial species tested. The ethanol extract of G. uralensis showed the strongest inhibitory effect against E. coli and B. cereus growth, and in particular, the antibacterial activity against E. coli was almost similar to that of kanamycin. Additionally, the MIC value of G. uralensis was 50 μg/mL for both E. coli and B. cereus. Licorice, which is the root and rhizome of Glycyrrhiza species, is traditionally used to relieve rheumatic and other pain, and contains about 100 phenolic compounds, many of which are isoprenoid-substituted phenols [8a] (Figure 1) . Galato et al. proposed that the redox properties of phenolic components could be central to their antioxidant activity. Hence, the redox process plays a critical role in protecting cells against oxidative stress by absorbing and neutralizing ROS, including free radicals [13] . The oxidatively damaged MEFs treated with the ethanol extracts of either Coptis chinensis or G. uralensis showed 2 and 1.5 fold increased cell viability, respectively, compared with that of cells damaged by hydrogen peroxide (Figure 3) . Thus, the redox process seemed to be operating during the synchronous treatment of hydrogen peroxide and the C. chinensis and G. uralensis extracts.
Interestingly, damaged cells treated with C. chinensis showed slightly higher viability than that of cells treated with G. uralensis, although normal fibroblast cells were toxic to the C. chinensis extract treatment (Figure 2 ). Because this study was conducted with the crude ethanol extracts and not isolated constituents, synergetic effects of some bioactive components in C. chinensis were activated particularly in the MEFs damaged by hydrogen peroxide. Borcher et al. suggested that organic extracts may be more valuable than that of pure compounds due to the co-related effects of each bioactive individual constituent [14] .
Experimental
Plant materials and reagents: Thirty-five medicinal plants (Table  1) were purchased from Omniherb (Yeongcheon, Korea). The samples were ground and maintained at 4°C until use. Trypticase soy broth (TSB) and Mueller-Hinton Agar (MHA) were obtained from BD Biosciences (Sparks, MD, USA). Quercetin, cinnamic acid, paeonol, berberine, paeoniflorin, and gallic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Extraction of plant materials:
A 50 g portion of each medicinal plant was extracted with 500 mL of 70% ethanol for 3 h at 80°C. The concentrates were filtered through Whatman No. 2 filter paper and evaporated using a rotary vacuum evaporator 45°C. The concentrated samples were freeze-dried at -50°C for 48 h using a freeze-dryer (Ilshin Lab Co., Seoul, Korea). For analysis, each dried sample (3.0 mg) was liquefied in 10 mL of cell culture water (Welgene Inc., Daegu, Korea) and the pH of the samples was adjusted to between 7 and 8. Then, the extracts were sterilized through 0.25 μm filters (Sartorius, Goettingen, Germany), and each extract was stored at -20°C until analysis.
Bacterial strains and culture: Three bacterial strains were used in this study: Escherichia coli (ATCC 25922), Bacillus cereus (ATCC 14579), and Staphylococcus aureus (ATCC 25923). The microbial isolates were maintained on agar slants at 4°C, and the strains were sub-cultured on a fresh agar plate 24 h prior to antibacterial susceptibility testing.
Disc diffusion assay:
The antibacterial susceptibility test was performed using the disc diffusion method following the procedures recommended by the National Committee for Clinical Laboratory Standards (NCCLS, Wayne, PA, USA). Advantec filter paper discs (6 mm diameter; Toyo Roshi Kaisha Ltd., Japan) were impregnated with 2000 μg of the plant ethanol extracts. The antibacterial diffusion test was carried out using approximately 10 8 colony forming units (CFU)/mL of obtained cell suspension growth, which was inoculated onto the surface of MHA plates by flooding. Excess liquid was air-dried, and the impregnated discs were applied at equidistant points on top of the agar medium. The plates were incubated at 37°C for 16-20 h. Antibacterial activity was evaluated by measuring the diameter of the inhibition zone around the disc, as described previously [15] .
Evaluation of minimum inhibitory concentrations (MICs):
Minimum inhibitory concentrations of the medicinal plant extracts were determined by the two-fold dilution method, according to NCCLS recommendations. Active cultures were prepared by transforming a loopful of cells from stock cultures into flasks containing TSB and incubated at 37°C for 24 h. A two-fold serial dilution of the plant extracts (50-3200 μg/mL) was prepared in TSB for the bacteria. Finally, 1 mL inoculum of each bacterial strain (10 8 CFU/mL) was inoculated into test tubes, and the tests were performed in a volume of 5 mL. The test tubes were incubated at 37°C for 16-20 h. The lowest concentration of the test samples that did not show any visual growth of test organisms was determined as the MIC value and expressed as μg/mL [16] .
HPLC analytical conditions: HPLC analysis was performed using a Waters 1525 HPLC system (Waters, Milford, USA), equipped with an Agilent RP-18 column (250 mm ⅹ 4.6 mm ⅹ 5 mm; Agilent Technologies, USA) and a Waters 2998 photodiode array detector. HPLC conditions are summarized in Table 2 .
DPPH free radical scavenging activity assay: 2, 2-Diphenyl-1-picrylhydrazyl (DPPH; Sigma-Aldrich Inc., St. Louis, MO, USA) was dissolved in 80% ethanol to 200 μM and sonicated for 5 min to obtain the stable DPPH free radical. Each 100 μL of sample and100 μL of freshly prepared 200 μM DPPH ethanol solution was thoroughly mixed in a 96-plate-well (SPL Inc., Pocheon, Korea). The plate was incubated at room temperature in the dark for 30 min. A 200 μL aliquot of extract, PBS, 200 μM DPPH, and 80% ethanol were used as the standard, standard control, control, and blank, respectively. All tests were performed in triplicate. The absorbance of the mixture was measured with an enzyme-linked immunosorbent assay (ELISA) reader (Molecular Devices, Sunnyvale, CA, USA) at a wavelength of 517 nm, and the percentage of free radical scavenging activity was calculated according to the following formula:
Scavenging activity (%) = 1 Measurements of mammalian cell viability: MEF cells were harvested at 70-80% confluence and seeded onto 96-plates at 4.0 × 10 3 cells per well in 100 μL of medium. The culture plates were incubated in a CO 2 incubator with 5% CO 2 at 37°C for 24 h until the cells adhered to the inner wall of the plate. Cells were washed with PBS and treated with 100 μg/mL of each sample in triplicate, and incubated for another 24 h. The cells were then washed twice with PBS and incubated with 10 μL of 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide (5 mg/mL; Sigma-Aldrich.) for 3 h at 37°C. The medium was discarded, and 200 μL of dimethyl sulfoxide (Sigma-Aldrich) was added. After 10 min incubation, the absorbance was measured with an ELISA reader at a wavelength of 570 nm. Mammalian cell counting with trypan blue stain: MEF cells were harvested and seeded in 60 mm dishes at 5.0 × 10 5 cells per mL and incubated for 24 h. At 60% confluence, the cells were co-treated with 500 μM hydrogen peroxide (Sigma-Aldrich) and control or 500 μg/mL of each extract. After 6 h incubation, the cells were washed with PBS and treated with 500 μg/mL of each corresponding extract and incubated for an additional 24 h. Cells were harvested by trypsinization, and the cell suspension was diluted in PBS. A 100 μL aliquot of cell suspension was mixed with 100 μL of 0.4% trypan blue solution (Invitrogen Co., Carlsbad, CA, USA) and allowed to stand at room temperature for 5 min. Cells were loaded onto a hemocytometer and the number of stained cells and the total number of cells were counted. The calculated percentage of unstained cells was expressed as a percentage of viable cells. 
